Abstract: Synura lapponica Skuja, a freshwater colonial flagellate (Synurophyceae, Stramenopila), has been reported for the first time in the Czech Republic. This study evaluates the ecological requirements of the species, and includes a survey of the literature. Although S. lapponica has been reported thus far only in the Northern Hemisphere, the probability of its bipolar distribution is relatively high (22%). Distribution is probably ecologically determined, water temperature (correlated with latitude or seasonal fluctuations), and lower pH seem to be the primary environmental variables. A local vs. global ratio reflects, to a certain extent, the degree of sampling effort expended in the studied area, but a considerable increase in the number of revealed taxa was apparent when the area was expanded.
Introduction
Synura lapponica is a freshwater colonial flagellate (Synurophyceae, Stramenopila), in which the scale-case often encloses the entire colony, not individual cells. S. lapponica was described by Skuja (1956) , as sampled from a small pond in Abisko (Swedish Lappland), based on light microscopy observations. Later, Petersen & Hansen (1958) reexamined dried material on slides provided by Skuja and published electron microscopy images of silica scales. European reports of occurrence are based exclusively on scales examined by electron microscopy. Péterfi (1967) revealed scales in samples collected from a mountain peat-bog pool in Transylvania (Romania) . Russian records came from samples of a water reservoir in the Volga cascade (Balonov & Kuzmin 1974) . In Denmark, S. lapponica was confirmed from samples of two small ponds in Bornholm Island (Kristiansen 1975; Kristiansen 1978) . It has also been found by researchers in Sweden (Skuja 1964 , Cronberg & Kristiansen 1980 and Finland (Eloranta1985; Eloranta1989; Christie et al. 1988) . North American records comprise both light microscopic observations of vegetative colonies accompanied by EM images (Wee 2001; Goldstein et al. 2005) , and reports based solely on observations of separate scales. Munch (1985) revealed silica scales in the rich S. lapponica population of a core of recent sediments (ca. 100 years old) from a small kettle lake in Washington State (USA). Occurrence of the species in North Carolina (USA) was documented by Whitford & Schumacher (1984) and Wujek et al. (2004) , and in South Carolina by Wujek et al. (2004) . Siver (1987) found S. lapponica scales in two mesotrophic ponds in Connecticut (USA), and later, Siver & Lott (2000) discovered them in four lakes in New Hampshire (see survey of records in Table 1 or Fig. 1 ). Wee (2001) documented colonies covered with scales on a gelatinous envelope, as already observed and illustrated by Skuja (1956) ; moreover, Goldstein et al. (2005) described the morphology and reproduction strategies of colonies in this species. They observed unusual palmelloid forms of reproductive colonies as well as colonies exhibiting cellular dimorphism.
Distribution patterns of synurophytes have been discussed in several papers. The question of whether these organisms are cosmopolitan, or whether some or most of them have limited biogeographical distributions, still remain to be answered. Biogeography is de- fined as the study of distribution of biodiversity over space and time (Martiny et al. 2006) . Kristiansen (2001) and Kristiansen & Lind (2005) summarized the biogeographical data based on recent floristic records of Mallomonas and Synura. They established several distribution types. S. lapponica belonged to the northern temperate-subartic-arctic group of species, mainly occurring in the temperate regions of the Northern Hemisphere. However, Finlay et al. (2004) attempted to disprove the presumed occurrence of some protist species in one hemisphere only. According to the neutral dispersal model, protist species are expected to be found wherever the requisite environmental conditions exist. This is the so-called Baas-Becking hypothesis: everything is everywhere -the environment selects (Baas-Becking 1934). Ubiquitous dispersal in the silicascaled genus Paraphysomonas (Chrysophyceae) was demonstrated by Finlay & Clarke (1999) . Řezáčová & Neustupa (2007) evaluated ecologically (supporting the neutral model) versus geographically restricted distribution of selected Mallomonas species. They tested the probability of distribution of northern temperate species in both hemispheres. A low probability of bipolar distribution was found only in Mallomonas multiunca, M. oviformis and M. punctifera var. punctifera, indicating a geographically restricted highly nonrandom distribution of these species in the Northern Hemisphere only. The purpose of the present study was to publish a new record of this rare species from the Czech Republic, and to evaluate its autecology (ecological requirements) and distribution pattern.
Material and methods
Four plankton net collections were made during the winter and spring months of 2007 from Břehyňský Pond (Northern Bohemia, Czech Republic). Water temperature, pH and conductivity were measured at the time of collection with Combo pH & EC (Hanna Instruments). Water samples were centrifuged or concentrated by sedimentation. Drops of the sample were dried onto formvar coated grids. Dried material was washed by repeated transfer of the grid into drops of ionized water dispensed on the hydrophobic surface of a Parafilm strip (Pechiney Packing). Dried grids were examined with a JEOL 1011 transmission electron microscope.
Results and discussion
Břehyňský Pond (50
• 34 45 N; 14 • 42 13 E) is a unique water-body preserved under The Ramsar Convention on Wetlands and Natura 2000. The pond was established in the 14 th century on the remnants of a glacial lake, and has an elevated water level that prevented the terrestrialization of a peat bog. The area of the pond is 90 ha, and the depth does not exceed two meters (Mackovčin et al. 2002) . The Synura lapponica population was collected in the March sample at a temperature of 4.7
• C, pH 5.6 and a conductivity of 189 (µS cm −1 ). Siver & Hamer (1992) investigated the seasonality of silica-scaled chrysophytes and found S. lapponica to be a true winter species with its greatest abundance in December (when the water temperature did not exceed 5
• C), therefore S. lapponica was ascribed to the coldwater group (Siver 1995) . While in northern localities with low average water temperature, S. lapponica can occur year round, in water-bodies with higher summer temperatures, this species exhibits pronounced seasonal patterns. Based on a survey from the literature S. lapponica has been found between 3.1 • C and 17.7
• C, i.e., at a weighted mean temperature of 9.5
• C. Additionally, S. lapponica predominates in slightly acidic to neutral waters low in conductivity (Siver & Hamer 1992; Siver & Lott 2000) . Its acidophilic nature is overwhelmingly supported by the literature. This taxon has been observed between pH 3.8 and 8.1, i.e., at a weighted mean pH of 5.1. Despite its reported preference for localities low in conductivity (weighted mean value of 44.7 µS cm −1 ), S. lapponica was found in water of a relatively high conductivity during this study (189 µS cm −1 ). This species was previously observed in oligotrophic (large to medium sized lakes, acid brown-water ponds) to eutrophic conditions, but exact nutrient concentrations have not been published; thus, trophic status estimation is dependent on the researchers' subjective evaluations.
Scales of S. lapponica are bilaterally symmetrical, 6.2-9.2 µm long, 3.3-4.4 µm wide with a more or less elliptical outline (length to width ratio 1.4-2.5). A hollow spherical protuberance is located in the center of the perforated base-plate. This structure is assumed to be rather fragile, because it often collapsed in TEM preparations (Figs 3, 6, 7 ). This protuberance is probably formed by a protrusion of periplastidial endoplasmatic reticulum into the silica deposition vesicle during scale biogenesis, and therefore, may be a structure homologous to the spine or keel in other Synura species. A hole on the ventral surface of the scale, corresponding to the protuberance on its dorsal surface, supports this view (see scanning electron microscopic images of scales in Goldstein et al. 2005 ). The hole is ca. 0.3 µm in diameter, while the diameter of the protuberance varies from 0.5 to 0.7 µm. Some of the scales lack the protuberance, but the central area is free of perforation (Figs 4, 5) . Pores of the base plate are organized in regularly ordered longitudinal rows, although areas with a disrupted pattern may be detected (Fig. 7, arrows) . In some scales, the perforation is excluded from the lateral margins (Figs 2, 4, 6 ). An upturned rim follows the entire circumference of the scale.
A similar protuberance on the dorsal surface of the base-plate was occasionally also observed on Tessellaria volvocina Playfair scales (Lavau et al. 1997 ; see their figs 14c, 14d), although a hole on the opposite surface has not been reported. That discovery supported the supposed affinity between S. lapponica and T. volvocina. The transfer of S. lapponica to the genus Tessellaria has been suggested on the basis of the structure of the scale-case, the scale similarity, and organization of the cells in the colony (Tyler et al. 1989; Lavau et al. 1997; Goldstein et al. 2005) . Sequence data (18S, ITS or cox gene) are needed to confirm the phylogenetic position of S. lapponica.
To date, S. lapponica has been reported only from the Northern Hemisphere, however, the probability of its bipolar distribution was calculated using the formula of Řezáčová & Neustupa (2007) :
where Z is the number of independent floristic studies from the Northern Hemisphere, A is the number of all independent floristic studies worldwide and x is the number of S. lapponica reports. S. lapponica was only reported 19-times from the Northern Hemisphere. Overall, 101 worldwide reports (A = 101) were taken into account (94 from the Northern Hemisphere (Z = 94) and only 7 reports from the Southern Hemisphere). In the 94 reports from the Northern Hemisphere S. lapponica occurred in 19 (x = 19), while 76 did not include this species. A relatively high probability was ascertained (22%), indicating that distribution restricted to the Northern Hemisphere may be an outcome of chance. More intense examination of localities in southern temperate zones (southernmost South America) is essential to compile reliable data on S. lapponica distribution. Distribution is probably ecologically determined, and water temperature (correlated with latitude or seasonal fluctuations) and low pH seems to be the principal environmental variables. Finally, we attempted to estimate the local vs. global diversity ratio in colonial synurophytes (genera Synura, Tessellaria and Chrysodidymus Prowse). The species concept is well established, although it is entirely based on the species-specific scale morphology. It is disputable whether certain forms (e.g. S. petersenii f. kufferathii; f. petersenii and f. glabra) should be discerned, because a continuous morphological gradient between the scale types is often reported (e.g. Nicholls & Gerrath 1985) . Nevertheless, all of the species are relatively easy to determine. In the last more than 30 years only two new species have been described: S. longisquama (Wujek & Elsner 2000) and S. obesa (Něm-cová et al. 2008) . Overall, 32 taxa have been described worldwide; if the forms and varieties are not consid- ered, that number is reduced to only 20 (Kristiansen & Preisig 2007) . It is difficult to estimate global diversity, but it most likely will be in the tens of species, rather than the hundreds. A local versus global diversity ratio is expressed as a percentage of the global number of freshwater species. If organisms are cosmopolitan, the species recorded in local samples will represent a large fraction of the cumulative species pool identified in similar habitats around the world . As a measure of the local diversity, we used the number of taxa revealed in three European countries (Denmark, Czech Republic and Hungary), where extensive research on silica-scaled chrysophytes has been conducted for a long period of time. In Denmark (Kristiansen & Preisig 2007) 11 taxa has been revealed (local vs. global ratio = 34%) and in the Czech Republic (Němcová et al. 2003) 9 taxa has been reported (local vs. global ratio = 28%), while in Hungary (Barreto 2005) , in spite of a considerably larger area, only 8 taxa have been described (local vs. global ratio = 25%). The calculated values for the three European countries were compared to Russia (Voloshko & Gavrilova 2001) with 18 documented taxa (local vs. global ratio = 56%). Results are summarized in Table 2 . A local vs. global diversity ratio for metazoan and vascular plant communities is usually less than 1% (Foissner 2006) . Their presentday distribution is influenced by both evolutionary history and recent environmental conditions (Martiny et al. 2006) . Partly, the local vs. global ratio reflects the degree of sampling effort expended in certain areas, but a considerable increase in the number of taxa revealed by extending an area is apparent. Existing literature on the biogeography of silica-scaled chrysophytes is based essentially on morphospecies (defined by the scale morphology). A more precise and less subjective definition of species must be established before we are able to provide a definite answer to the question of cosmopolitanism versus restricted distribution (Mitchell & Meisterfeld 2005; . The existence of cryptic species and ecomorphs, defined as separate species, may considerably distort the data on biogeography. Initially, the question of congruence between morphologically and genetically defined species should be addressed.
Synura lapponica was considered to be a rare species primarily restricted to arctic and subarctic localities or mountain lakes (Péterfi 1966) . Now it appears that this species has been often overlooked as water bodies in temperate zones were more often sampled in summer months than during the colder periods of the year. Wujek et al. (2004) reported S. lapponica from 23 Coastal Plain water bodies in the Carolinas (USA) during February and March, and Siver & Lott (2000) revealed the scales in the surface sediments of four lakes in New Hampshire (USA). Silica-scales remain in sediment after the organism has died, and thus reflect the species occurrence throughout the entire year.
